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The issue 

From rainforest to reefs, physical structure (i.e. trees, corals) provides habitat for plants and animals. Structurally complex 
habitats support a greater diversity and abundance of life, resulting in healthier ecosystems which are typically more 
resilient to environmental change. Coral reef habitat complexity is especially important for fishes, thus directly supporting 

valuable reef fisheries, diving and tourism. 

Historically, complex physical structure has been provided on Caribbean reefs by large, branching staghorn and elkhorn 
corals (Acropora cervicornis and A. palmata respectively), but these corals have been in decline since the late 1970ôs. In 
their absence, reef structure has been maintained, to a large degree, by the boulder corals (Orbicella, previously 
Montastraea spp.). However, these corals are also under threat from disease outbreaks, bleaching events, sedimentation 
and the increasing intensity of storms and hurricanes. The loss of structurally important corals and the complexity they 

provide reduces the habitat available for reef fishes and hence their populations. 
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The evidence 

Shallow reef underwater surveys in eight countries around the Caribbean revealed fish biomass and abundance was lower 
on flatter reefs than on complex reefs. Fish and coral species richness (the number of different types of fish or coral) were 
high even on medium complexity reefs, but were dramatically reduced on low complexity reefs. The major decline in fish 
species appears to occur when reefs transition from medium to low complexity. Parrotfish, snapper and grouper biomass 
also declined as reef structure is lost. Reef complexity is clearly an important component of coral reefs: with higher 
complexity supporting greater diversity, abundance and biomass of fishes, including important fisheries species (snappers, 

groupers) and ecologically important species (parrotfish).  

       Decreasing reef complexity   

F
is

h
 a

b
u

n
d
a
n

c
e

 (
n
/m

2
) F

is
h
 b

io
m

a
s
s

 (g
/m

2) 

F
is

h
 a

n
d

 
c
o
ra

l
  

s
p

e
ci

e
s
 r

ic
h
n
e
s
s

 

P
a
rr

o
tf

is
h

 a
n
d

 
s
n

a
p
p
e
r

 

b
io

m
a
s
s
 (

g
/4

0
m

2
) 

G
ro

u
p
e
r 

b
io

m
a
s
s
 (g

/4
0
m

2) 

Relationship between reef complexity and: Panel A) red line: fish abundance, green line: fish biomass; B) blue line: number of fish species, red line: 

number of coral species; C) green line: parrotfish biomass, purple line: grouper biomass, red line: snapper biomass (mean values with standard error) 

Elkhorn coral (Acropora palmata) Boulder star coral (Orbicella annularis)  

Photos: Steve Newman 
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Management uses 

Protecting reef complexity: Protection of reefs with high and medium complexity should be a management priority. 
Protection efforts should focus on reducing human impacts such as sediment and nutrient run-off, overfishing and 

physical damage to the reef from anchoring and tourist activities.  

Restoring habitat complexity: It is hard to recreate the complex structure that exists naturally, and so efforts should be 
made to protect and maintain natural complexity. Reefs that have lost complexity may benefit from the addition of artificial 
structures to provide habitat and shelter for fish and help accelerate recovery. These reefs will need protection from 
fishing if long term recovery is to be achieved. However, areas of reef with naturally low complexity are unlikely to benefit 

greatly from the introduction of artificial structures. 

Measuring reef complexity: Reef monitoring protocols often use the chain method to quantitatively assess reef  
complexity, providing a useful measure of ecosystem health. Visual assessment of reefs using a simple 3 point qualitative 

scale can also be useful for categorising reefs for prioritisation in spatial management. 
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Frequently asked questions 

1) What if the coral is dead?  

Dead coral can still provide habitat complexity but will be degraded by physical and biological erosion. In the absence of 

coral recovery, a dead reef will lose its structural complexity and its function as a habitat for fish. 

2) Can artificial structures provide the same complexity as a natural reef?  

Artificial structures will never be as good as natural reef structure and are expensive and difficult to introduce on a large 
scale. Where artificial structures are to be used, it is important to consider that just as different corals provide different 
complexity and habitat (e.g. Elkhorn coral versus boulder star coral), artificial structures can also provide different types of 

habitat and complexity. 

3) If I increase complexity on my reef, will fish come back immediately? 

Yes, but initially this will be mainly fish drawn from surrounding reefs: 
The natural recovery of habitat complexity is a slow process that can take many years, but fish abundance will increase 
quickly in areas where artificial structure is placed, just as fish quickly colonize ship wrecks. However, this increased 
abundance may simply be fish drawn from the surrounding reefs, not new populations of fish. It is especially important to 
protect such artificial fish aggregations from fishing until a new ecosystem can form around the structure. Without 
protection, fishing could rapidly deplete the fish on the structure, thus reducing fish populations across the surrounding reef 

area.  

Further information 
www.force-project.eu 
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3 point qualitative scale for measuring complexity on reefs 
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